also considered by authors Yao et al. (2015) . [5] Jayanthi and Singh (2016) define these applications in industry as "sustainable materials" in stabilizing and modifying the soil [6] .
The use of ash in areas such as new materials, waste management, metal recovery and agriculture is being analysed by the authors to explore new areas that enhance the positive reuse of ash, thereby helping to reduce the environmental and economic impacts of disposal. [4] .
Phanikumar and Sharma (2007) applied ash on sandy soil to improve water retention capacity. This improvement in water retention capacity is beneficial to plant growth -especially in the case rainforest farming. Changing soil composition with fly ash up to 40% increased soil porosity from 43% to 53% and water retention capacity changed from 39% to 55% [7] .
However, the benefits of the development of the etching process are still under discussion. It has been found that this new type of additive can be used to stabilize the soil for underlying purposes. [8] It is the result of their physical and chemical properties that meet the technical requirements defined in the sectoral standards as well as the environmental requirements relating in particular to water and soil protection. As a raw material for the production of cement, concrete, ceramic materials, fertilizers or soil additives or storage materials used in mining can use ash from biomass as coal ash, which is the subject of research studies in many countries of the world [9] [10] [11] [12] [13] [14] , in Asia, China [15] , India [16, 17] and also in Europe, in Poland [18] [19] [20] [21] , Italy [22] and in Slovakia [23] .
Materials and Methods
The percentage of use of coal ash and stabilizer in various construction activities is still limited in Slovakia compared to other countries. As a progressive use of stabilizer in Slovakia, its use is being tested using a new technology for reclamation of the tailing pond, where the stabilizer would be used when composing the waterpermeable layer. The composition and properties of the fresh stabilizer (stabilizer directly from the combustion processes) and the old stabilizer (stabilizer stored in the landfill) are different, so samples of both species were tested. The fresh stabilizer deposited at the stabilizer landfill changes its properties over time and hardens due to access to rainwater. Its landfills at the EVO and Nováky Power Station provide huge supplies. Use of the fresh stabilizer will not only help the environment, but can also bring an economic effect, as it is the use of waste. The object of the research was the stabilizer obtained from the EVO's landfill. Thermal power plant EVO is situated in Eastern Slovakia in Michalovce District. The advantageous location in the proximity of the Slovak-Ukrainian border, the utmost shortening of the semi-anthracite coal wide-gauge track from the Donbas-Kusbeck mining area and the possibility of cooling water off-take from the Laborec River were the most important considerations leading to the decision to build this plant. By supplying base power the plant ensures reliability of the transmission network in eastern Slovakia and also provides ancillary services for the power system necessary to sustain the stability of the system qualitative indicators.
A laser granulometry method using the Mastersizer 2000 laser granulometer (Malvern, UK) was used to determine the shares of fine-grained particles in samples of the stabilizers. Analysed was the overflow of particles via a 0.063 mm sieve. Three dry-count measurements were performed on each sample of the stabilizer.
The average values are presented in the results of the research.
Authors of the research paper tested the permeability of the stabilizer in two ways:
A) The permeability of the combination of old and fresh stabilizer. B) The permeability of the stabilizer mixture with cement and lime. A) To test the permeability of the stabilizer the mixture formed by the combination of the old and the fresh stabilizer was created in 8 different test bodies (TB) designated TB1 to TB8. Testing bodies were designed with a dual combination of stabilizers: -Mixing the old and fresh stabilizer in a certain proportion into the homogeneous mixture TB1, TB2, TB3, TB4, TB5 and TB8. -Creation of layers of old and fresh stabilizer with vertical heterogeneity TB6 and TB7.
The more detailed compositions of each sample are: -TB1 -100% fresh stabilizer.
-TB2 -stabilizer mixed in a ratio 50:50% (fresh:old).
-TB3 -stabilizer mixed in a ratio 90:10% (fresh:old).
-TB4 -stabilizer mixed in a ratio 70:30% (fresh:old).
-TB5 -stabilizer mixed in a ratio 30:70% (fresh:old).
-TB6 -stabilizer deposited in two 15 cm layers (on the top the fresh stabilizer and at the bottom the old stabilizer). -TB7 -stabilizer deposited in three 10 cm layers (on the top the fresh stabilizer, in the middle the old stabilizer and at the bottom the fresh stabilizer). -TB8 -100% old stabilizer.
The stabilizer was in the tubes, respectively in the columns filled gradually in layers up to 30 cm and each layer being compacted. This procedure was chosen to ensure the uniformity of the preparation of test samples.
Testing of hydraulic conductivity and calculation of the filtration coefficient was performed by the variable height level method. This method is simple to implement and is sufficiently noticeable for medium-and lowpermeability substrates. The observed parameters in this study were the initial height of the level, the final height above the surface of the sample, and the time at which this change of the level occurred. The mathematical expression of the filtration coefficient is given in the following equation: Prior to testing, the samples had to be saturated to avoid distortion of the results due to the absorption of tap water. The prepared samples were saturated with a 30 cm column of water for 24 hours.
B) The materials containing calcium hydroxide were used to re-stabilize the stabilizer, providing the course of the puzzolanic reaction. For this use, white limes CL 90 Q, CL 80 Q or dolomite lime DL 90-30 are suitable in a fixed percentage by weight of the stabilizer, which must meet the requirements of STN EN 459-1.
To improve the properties of the stabilizer, cement meeting the requirements of STN EN 197-1 may also be used. For use are also suitable cements CEM II strength class with normal initial strength (N) and CEM III strength class 32.5 with low (L) initial strength or with a normal initial strength (N) in a determined percentage.
The prepared 4 experimental fields were placed on the pond area according to the planned scheme ( Fig. 1) . During their construction we used: -Lime -SpeziKalk, lime hydrate CL90-S. These materials were also used during laboratory testing and sample preparation under laboratory conditions (ex situ).
The composition of 4 experimental fields was as follows: 1. One field with the old stabilizer with lime addition 0%, 2%, 4% and 10% (reference field -pure stabilizer).
2. One field with old stabilizer with cement addition C1 CEM III strength class 32.5 N 0%, 2%, 5% and 10%. 3. One field with old stabilizer with cement addition C2 CEM II strength class 42.5 N 0%, 2%, 5% and 10%. 4. One field with the fresh stabilizer with lime addition, respectively two types of cement containing 2%. The stabilizer from the landfill of stabilizer was modified by crushing and at the same time mixed with lime, respectively cement. Fresh stabilizer was mixed in the same way.
Compaction of the stabilizer on the experimental fields was carried out in about 100 mm of coarse layers by rolling. The compaction took place until a final height of testing field 300 mm was reached, while the edges of testing fields with 1000 x 1000 mm (net area) were bounded by a wooden structure for better compaction.
The testing methodology used in this research was in situ and ex situ:
In situ -After the testing/experimental fields were made, infiltration tests were performed in situ. Although the original methodology considered drilling of the test bodies from the area of the fields and their ex situ testing, due to the hardness/homogeneity of the stabilizer, infiltration tests were finally carried out right in the place. The variable height level measurement was performed for hydraulic conductivity testing and calculation of the filtration coefficient. Test columns were dropped to a depth of 20-22 cm (Fig. 2) in each testing field.
The initial saturation was performed for 30 minutes before the measurement itself. Subsequently, the level of h 0 was subtracted and after 30 minutes the h t level. Realization of infiltration tests took place 90 and 120 days after realization of testing fields.
Ex situ -Measurements to determine the filtration coefficient were performed simultaneously under laboratory conditions to compare the results obtained in situ. The procedure for filling the laboratory columns was the same as on the pond (Fig. 3) .
To test the permeability of the stabilizer or of the mixture formed by the combination of stabilizer and admixture, 14 combinations were generated that reflected the composition of the testing fields directly on the pond. The procedure was chosen to compare the laboratory and field permeability values achieved.
Results and Discussion
For the purpose of testing the stabilizer, the grain composition of the old and fresh stabilizer was found as an input parameter. The old stabilizer is naturally encased in weather conditions, i.e., a chemical reaction that occurred after its initial contact with water and also compaction during landfilling. The old stabilizer ( Fig. 4 ) was therefore firstly adjusted by crushing for the purpose of testing its hydraulic conductivity (Fig. 5 ). To determine the granulometric composition of the old and fresh stabilizer, sieve analysis was performed using sieves with the following hole sizes: 16 mm; 8 mm; 4 mm; 2 mm; 1 mm; 0.5 mm; 0.25 mm; 0.125 mm and 0.063 mm. The weight of the captured material on individual sieves was recorded in the table. Subsequently, the total percentages of the overflows were calculated over the individual sieves and we plotted the resulting grain curve for the fresh and modified old stabilizer (Fig. 6 ). Results of shares of fine-grained particles in samples of stabilizers using a laser granulometry method using a Mastersizer 2000 laser granulometer (Malvern, UK) are part of Fig. 7 . By comparing the results of the measurements of fresh and old stabilizers, it can be stated that after crushing there are no significant changes with regard to the shares of the finest particles. There are only minor deviations in grain size.
The filtration coefficient for the test samples was determined from the measured data for eight test samples. The measurements for all test samples were realised three times and the result values are shown in Table 1 .
The calculated values of the filtration coefficient indicate that the TB1 mixture (100% content of the new stabilizer) reached the highest value and the TB3 mixture (90% content of the new stabilizer, 10% content of the old stabilizer, homogeneous mixture) reached the lowest value of the filtration coefficient. However, it should be noted that the differences in the filtration coefficients between the mixtures are not significant and fall into one category between medium to low permeable substrates (equivalent of fine sand, loamy sand and sandy loam). From the testing of the hydraulic conductivity of the stabilizer samples, the following conclusions were drawn: -The lowest permeability was shown by the sample with the finest crushed stabilizer. -The highest permeability was observed in the sample with the thickest crushed stabilizer. -The differences in the filtration coefficients between the individual test mixtures are not significant and fall into one category between medium to low permeable substrates (equivalent of fine sand, loamy sand and sandy loam). -The greatest effect on the resulting permeability of the stabilizer layer will have the cracks created by the cyclic weathering load. Since the stabilizer is a fine-grained material, the risk of cracking is high when the moisture changes are high.
The results of the permeability testing of the stabilizer, respectively mixture formed by a combination of stabilizer and admixture which reflect the composition of testing fields directly on the tailing pond are contained in Table 2 . Fig. 8 presents the permeability values measured under laboratory conditions (ex situ) and directly on the testing fields (in situ on February 19, 2018) . It is clear from the above values that lower permeability values were largely achieved under laboratory conditions compared to field conditions. This phenomenon can be explained by slightly different techniques of preparing a mixture of stabilizers and their compaction in the field compared to laboratory conditions. The less favourable results from the field measurements were taken as guidelines. All of the reinforced stabilizer mixtures had a lower permeability than stabilizers without reinforcement. The lowest permeability was achieved by cementreinforced stabilizers. The old lime-reinforced stabilizer exhibited a slightly higher permeability compared to the cement-reinforced stabilizer. In the case of cementreinforced stabilizers, there is no noticeable significant reduction in permeability with an increasing dose of cement. In the case of lime-reinforced stabilizer, mixtures with 4% and 10% were significantly less permeable than a 2% mixture. For all samples of the stabilizer, it is also possible after 90 and 120 days to suffer cracks in the body of the testing field ( Fig. 9) , incurred by combining of weather effects and a fine grain composition of the stabilizer. Cracks are more pronounced on the testing field with new stabilizer due to its finer-grained nature.
Puzzolans can be defined as materials containing amorphous reactive silica (SiO 2 ) and alumina (Al 2 O 3 ), which themselves have no or little binding ability. After mixing with calcium hydroxide (Ca(OH) 2 ) in the presence of water (H 2 O), they react at normal temperatures to form hydrated calcium compounds that are still under water to form solid connections between the filler grains. From a chemical point of view, they bring hydraulic components (SiO 2 , Al 2 O 3 , Fe 2 O 3 ) into the mixture, making them more resistant to acidic environments. Puzzolans activity is generally a slow chemical reaction, the rate of which depends on the concentration of Ca(OH) 2 and SiO 2 in the mixture. Fig. 8 . Comparison of the coefficients of permeability after 120 days of reaction.
Item
Combination of stabilizer and admixture
The old stabilizer The fresh stabilizer Cement 32,5 N Cement 42,5 N Lime Table 2 . Combination of stabilizer and admixture that reflects the composition of testing fields directly on the tailing pond.
The rate of puzzolanic reaction also affects the fineness of puzzolan, which means that with decreasing particles their reactivity increases and vice versa. For this reason, testing has been scheduled over a longer period of time, in this case up to 90 days. Puzzolan activity would be demonstrated by a gradual increase in strength over time as a consequence of the formation of new hydration products.
From a first view on the graph with the results of compressive strengths of the mixture of stabilizers ( Fig. 10 ), there is a significant decrease in the compressive strength after 90 days compared to the strength after 28 days of hardening (average was reduced from 0.389 MPa to 0.210 MPa). This phenomenon is beyond the normal behaviour of materials based on cement or hydraulic lime, where the opposite compressive strength increases with increasing time. This phenomenon can be explained by the presence of a higher concentration of sulphates in the stabilizer since it is made up of gypsum (CaSO 4 .2H 2 O) with ash admixture (different ratio of SiO 2 , Al 2 O 3 , Fe 2 O 3 and CaO). In such an environment a certain sulphate concentration can occur due to reactions after the addition of material on a lime base (cement, lime), or minerals such as ettringite and taumasite. Ettringite formation is a complex phenomenon that has been described by several studies with regard to its long-term stability. Ettringite is a calcium aluminate sulphate formed in a high pH environment and in the presence of sulphates. Ettringite forms small fibrous crystals that damage the surrounding structure of the solid material due to expansion. At the same time, with the formation of ettringite, the formation of taumasite causes a decrease in the strengths of the silicate and calcareous materials. A decrease in the strength after 90 days of the samples of stabilizer would be possible is explained by the destructive effects of expanding ettringite and taumasite crystals. In this case, it is not possible to confirm puzzolans activity of the stabilizer in view of the prevailing adverse effects on the strength of stabilizer mixtures.
Conclusions
Several conclusions can be drawn from the above results of testing the stabilizers. The reinforcement of the stabilizers with cement and lime results in a reduction in their permeability, but the transmittance values of the test mixtures of stabilizers are not sufficient to form the sealing respectively water-permeable layer. Both the production of the testing fields and the laboratory tests of the stabilizer showed the formation of broad and long cracks that can substantially affect the permeability of the entire layer, regardless of the permeability of the material itself.
Cracking can be due to the fine-grained nature of the reinforced material, and its volume changes depending on the actual moisture conditions associated with the weathering effects. Cracking can also be related to the formation of additional sulphate compounds, e.g., ettringite, which increase their volume and act expansively on the layer of stabilizer, thereby breaking it. Due to some differences in the composition of the landfill body, it was necessary to perform a repeat test with samples of old stabilizers in order to generalize and unify the results of the experiments. Repeated measurement of stabilizer mixtures showed the same range of values as the first measurement. Fig. 10 . Results of compression strength testing of mixtures of stabilizers after 28 and 90 days of hardening with average values. Fig. 9 . Cracks in the body of the field.
